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(54) PULSE TUBE REFRIGERATING MACHINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a small and 
lightweight pulse tube refrigerating machine in which 
refrigerating capacity is enhanced while simplifying the 
structure by reducing heat flowing unnecessarily into a 
low temperature part through heat transfer in a cold 
accumulator. 

SOLUTION: The pulse tube refrigerating machine 
comprises a conduction passage 14d, a circulation 
passage 21 and a check valve 22 for circulating the fluid 
in a butter tank 16 to the low pressure side 14c of a 
compression work chamber to produce a very small 
steady flow of working fluid in a pulse tube 1 3, and a 
preceding/ refrigerating means 30 coupled with a cold 
accumulator 12 in a specified direction of the steady 
flow to discharge heat imparted from the steady flow to 
the cold accumulator 12 at a specified position in the 
direction of steady flow from the cold accumulator 12. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]Regenerator with which a working fluid was filled up. 
Pulse pipes which are open for free passage to regenerator. 

A buffer tank which has a piston in a compression workroom which is open for free passage to 
regenerator, and opens a working fluid in regenerator for free passage to said pulse pipes via 
compression, a fluid-drive means expanded and displaced, and a small tube which has a 
restriction passage by the high-tension side of said compression workroom with this piston. 
Are the pulse tube refrigerator provided with the above, and a fluid in said buffer tank is refluxed 
to the low-tension side of said compression workroom, While forming a circulation means to 
produce a very small steady flow of said working fluid, in said regenerator and pulse pipes 
through said piston, It was connected to said regenerator in a prescribed position of a flow 
direction of said steady flow, and a pre-cooling refrigeration means to which heat given to said 
regenerator by said steady flow is made to emit from said regenerator in said prescribed position 
was established. 

[Claim 2]The pulse tube refrigerator comprising according to claim 1: 

A communicating path formed in said piston so that said circulation means might make the 
high-tension side and the low-tension side of said compression workroom open for free passage. 
A check valve which is provided in a reflux passage which refluxes a fluid in said buffer tank to 
the low-tension side of said compression workroom, and said communicating path, permits a flow 
from said low-tension side to the high-tension side, and prevents this and a reverse direction 
flow. 

[Claim 3]The pulse tube refrigerator according to claim 1, wherein said pre-cooling refrigeration 
means makes heat which has the heat bridge member connected to said regenerator in said 
prescribed position, and was given to said regenerator by the upstream from said prescribed 
position by said steady flow emit from said regenerator via this heat bridge member. 
[Claim 4]Regenerator with which a working fluid was filled up. 
Pulse pipes which are open for free passage to regenerator. 

A buffer tank which has a piston in a compression workroom which is open for free passage to 
regenerator, and opens a working fluid in regenerator for free passage to said pulse pipes via 
compression, a fluid-drive means expanded and displaced, and a small tube which has a 
restriction passage by the high-tension side of said compression workroom with this piston. 
Are the pulse tube refrigerator provided with the above, and a fluid in said buffer tank is refluxed 
to the low-tension side of said compression workroom, While forming a circulation means to 
produce a very small steady flow of said working fluid, in said regenerator and pulse pipes 
through said piston, Said regenerator is constituted from the 1st regenerator and the 2nd 
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regenerator which adjoin a flow direction of said steady flow, and it was made for a cross-section 
area of this 1st regenerator to become larger than a cross-section area of the 2nd regenerator in 
direction crossing at a right angle to a flow direction of said steady flow. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the pulse tube refrigerator used as a cooling 
system of the device which operates at the low temperature of a pulse tube refrigerator, 
especially an infrared sensor, a high-temperature superconductivity device, etc., etc. 
[0002] 

[Description of the Prior Art]Although the Sterling refrigerator was conventionally used, for 
example as a cooling system of the device which operates at the low temperature of a 
high-temperature superconductivity device etc., since there was inconvenience that prolonged 
operation with a complicated structure was difficult, the pulse tube refrigerator attracts attention 
as a simple freezer of the structure replaced with it. 

[0003]This pulse tube refrigerator is a cycle freezer of the cool storage type which comprised 
the regenerator and pulse pipes which were provided in the vacuum insulated vessel, and outside 
of a vacuum insulated vessel including the compressor which applies periodic pressure 
fluctuation to said working fluid of the cool storage inside of a plane. 

By the low-temperature head installed in the low temperature end of pulse pipes within the 
vacuum insulated vessel, things (an infrared sensor, a high-temperature superconductivity 
device, etc.) to be cooled are cooled. 

A buffer tank is specifically connected to the high temperature end of pulse pipes via an orifice, 
for example, By giving displacement (in the heat acoustic theory, called the progressive wave 
ingredient) of the gas which does not contribute to compression and expansion of the working 
fluid (gas) in pulse pipes, the orifice type pulse tube refrigerator which promoted the heat 
transfer is also known. This orifice type receives the pressure vibration (compression and 
expansion) of the high pressure gas inside pulse pipes, The phase contrast of displacement of 
the gas can be controlled by an orifice, and bigger refrigerating capacity than what is called a 
BASIC type can be expected by making displacement of the progressive wave ingredient which 
does not participate in said pressure fluctuation by this increase. 

[0004]As shown in drawing 5 . while forming the passage 6 which bypasses the regenerator 2 and 
the pulse pipes 3 between the delivery of the compressor 1, and the high temperature end part 
3a of the pulse pipes 3, There is also a pulse tube refrigerator called what is called a double inlet 
type that adjusted the grade of the diaphragm of the passage 6 by the valve 7 provided in this 
passage 6. the gas filled up with the this double inlet type pulse tube refrigerator into the inside 
of the regenerator 2 and the pulse pipes 3 — compression [ from both sides ] - it is expanded 
and displaced. By adjusting the opening of the valve 7, the amplitude of gas displacement can be 
optimized and refrigerating capacity can be heightened. 
[0005] 

[Problem(s) to be Solved by the Invention]An above-mentioned pulse tube refrigerator is cooled 
by the almost same principle as a Sterling refrigerator. Specifically, the gas of the low 
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temperature end of pulse pipes is understood to operate just like the low temperature side 
piston of a Sterling refrigerator However, since it is being fixed to the same shaft as a 
compression piston in the sterling organization, the regeneration of power is possible for the 
power of the piston by the side of low temperature, but in a pulse tube refrigerator, since it is 
throwing away as heat from the orifice etc., there is a problem that refrigerating capacity and 
efficiency are theoretically inferior. 

[0006]This invention is made that the problem that this refrigerating capacity and efficiency are 

inferior should be solved. 

[0007] 

[Means for Solving the Problem]In order to solve the above-mentioned technical problem, the 
1st invention, Regenerator with which a working fluid (gas) was filled up, and pulse pipes which 
are open for free passage to regenerator. Have a compression workroom which is open for free 
passage to regenerator, and a working fluid in regenerator by capacity change of this 
compression workroom Compression and a fluid-drive means expanded and displaced, A buffer 
tank which is open for free passage to said pulse pipes via a small tube which has a restriction 
passage, While forming a circulation means to be a ******** pulse tube refrigerator, to reflux a 
fluid in said buffer tank to the low-tension side of said compression workroom, and to produce a 
very small steady flow of said working fluid in said regenerator and pulse pipes, It was connected 
to said regenerator in a prescribed position of a flow direction of said steady flow, and a 
pre-cooling refrigeration means to which heat given to said regenerator by said steady flow is 
made to emit from said regenerator in said prescribed position was established. 
[0008]In this invention, a continuous chilling effect of a low temperature end part is acquired in a 
working fluid (henceforth a gas) in pulse pipes compression and by making it expanded and 
displaced, carrying heat by the side of a low temperature end part of pulse pipes to the high 
temperature end part side, and removing that heat in a high temperature end part. Since an 
inside of regenerator and pulse pipes is made to produce a steady flow with a very late flow 
which goes to the pulse-pipes side from the regenerator side by a circulation means at this time, 
a heat flow which goes from a high place of temperature to the lower one, i.e., the low 
temperature end side, within regenerator arises, but. Gaseous mean temperature in the state of 
being mostly in agreement with a tube wall of regenerator and pulse pipes. In a pre-cooling 
position of regenerator by a pre-cooling refrigeration means, most quantity of heat is removed 
among heat which a gas emits to regenerator, and the same operation is produced as a steady 
flow produced refrigerating capacity only for said removed quantity of heat by a low temperature 
end of regenerator by this. Thus, since it can fully control and refrigerating capacity on 
appearance in a low temperature end can be produced by another refrigeration means of a 
pre-cooling refrigeration means by pre-cooling unnecessary heat flow rate ON by the side of a 
low temperature end of regenerator from a low temperature end in a hot prescribed position, It 
contributes to improvement in cooling efficiency of a freezer decided only by exhaust heat 
temperature and endothermic temperature greatly. 

[0009]A communicating path formed in said piston so that said circulation means might make the 
high-tension side and the low-tension side of said compression workroom open for free passage, 
It is preferred to have a reflux passage which refluxes a fluid in said buffer tank to the 
low-tension side of said compression workroom, and a check valve which is provided in said 
communicating path, permits a flow from said low-tension side to the high-tension side, and 
prevents this and a reverse direction flow. If it is made such, composition is simple and a durable 
circulation means can be realized to low cost. 

[0010]Said pre-cooling refrigeration means has the heat bridge member connected to said 
regenerator in said prescribed position, If it is made to make heat given to said regenerator by 
the upstream from said prescribed position by said steady flow emit from said regenerator via 
this heat bridge member, only by setting up suitably a connecting location of a heat bridge 
member in a flow direction of a steady flow, It can respond to a freezer of many specifications by 
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the same pre-cooling refrigeration means. 

[001 1]Pulse pipes which the 2nd invention opens for free passage to regenerator with which a 
working fluid was filled up, and regenerator, In a compression workroom which is open for free 
passage to regenerator, have a piston and a working fluid in regenerator by the high-tension side 
of said compression workroom with this piston Compression and a fluid-drive means expanded 
and displaced, A buffer tank which is open for free passage to said pulse pipes via a small tube 

■ 

which has a restriction passage, Are a ******** pulse tube refrigerator and a fluid in said buffer 
tank is refluxed to the low-tension side of said compression workroom, While forming a 
circulation means to produce a very small steady flow of said working fluid, in said regenerator 
and pulse pipes through said piston, Said regenerator is constituted from the 1 st regenerator and 
the 2nd regenerator which adjoin a flow direction of said steady flow, and it was made for a 
cross-section area of this 1 st regenerator to become larger than a cross-section area of the 2nd 
regenerator in direction crossing at a right angle to a flow direction of said steady flow. 
[001 2]If it does in this way, since cool storage capability of the 1st regenerator will become 
larger than the 2nd regenerator, in the state where the amount of heat flow rate ON by a steady 
flow and a refrigerating capacity difference by a difference of the cool storage capability balance. 
The same effect can be acquired as the 1st regenerator and the 2nd regenerator performed 
pre-cooling by the above-mentioned pre-cooling refrigeration means in a ****** prescribed 
position. 
[0013] 

[Embodiment of the Invention] Hereafter, an embodiment of the invention is described based on 
an accompanying drawing. Drawing 1 is a figure showing one embodiment of the pulse tube 
refrigerator concerning the 1 st invention, and shows the example which applied this invention to 
the superconductivity filter system. In the figure, 1 1 is a vacuum insulated vessel and the 
regenerator 12 which has two or more fluid channels (not shown for details) inside, the pulse 
pipes 13 connected with the regenerator 12 via the low temperature part which is not illustrated, 
and ** are stored by the vacuum insulated vessel 11. the regenerator 12 consists of stainless 
steel, copper, or a copper alloy in a cylindrical casing — many — although the cold reserving 
material of the plate shape of several sheets is laminated and many (plurality) fluid channels of a 
book are formed by the hole formed in the cold reserving material, respectively, what stored 
many granular cold reserving materials may be used. [ many ] 

[0014]The fluid channel of the regenerator 12 and the building envelope of the pulse pipes 13 are 
open for free passage so that one working clearance may be formed, and it fills up with 
predetermined working fluids (for example, inactive gas, specifically helium, argon, or nitrogen 
etc.) in this working clearance. Said fluid channel of the regenerator 12 is open for free passage 
to the high-tension-side workroom 14b (high-tension side of a compression workroom) of the 
piston type compressor 1 4 (fluid-drive means) established in the exterior of the vacuum 
insulated vessel 1 1 , the piston 1 4a of this compressor 1 4 passes the regenerator 1 2 — said 
working fluid — periodic — compression - you make it expanded and displaced compressing and 
expanding a working fluid here, Periodic pressure variation is applied to working fluid, and the 
volume is periodically changed to it (if it sees about minute space). What the fluid displacement 
of pressure variation and an ingredient in phase added periodically produces is said, and what 
displacing a working fluid only moves working fluid for to the shaft orientations of the pulse pipes 
13 (the fluid displacement which does not participate in compression and expansion of a working 
fluid, and from which pressure variation and a phase differ arises) is said. 
[001 5]The regenerator 12 absorbs the heat of a working fluid at the time of compression of a 
working fluid, functions as carrying out isothermal compression of the working fluid, on the other 
hand, gives the heat accumulated at the time of expansion of a working fluid to a working fluid, 
and functions as carrying out isothermal expansion of the working fluid. Said low temperature 
part between the regenerator 1 2 and the pulse pipes 1 3 constitutes what is called a cold head, 
and the predetermined thing attached to this low temperature part to be cooled, for example. 
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two or more superconductivity filters installed in the surroundings of the pulse pipes 13 by the 
hoop direction prescribed interval, is cooled. A superconductivity filter is used as a band pass 
filter, in order to receive the feeble radio wave received with the antenna, for example in the 
base station of a mobile communication system. Of course, it may be a filter module containing a 
low noise amplifier. 

[0016]The pulse pipes 13 are formed in the end aperture shape which carries out an opening by 
the regenerator 12 side by the metal pipes of the thin meat which consists of stainless steel, 
titanium, etc., for example, and an internal working fluid (gas) works like a piston by the low 
temperature end side of the regenerator 12. It is connected to the buffer tank 16 via the small 
tube 15 which has the orifice 15a (restriction passage), and the pulse pipes 13 radiate heat by 
the high temperature end side of the pulse pipes 13 with this small tube 15. 
[001 7]The buffer tank 16 can be open for free passage via the reflux passage 21 used as a 
restriction passage to the low-tension side workroom 14c (low-tension side of a compression 
workroom) of the compressor 14, and can reflux a working fluid now from the buffer tank 16 to 
the low-tension side workroom 1 4c of the compressor 1 4. It is equipped with the check valve 22 
which permits the flow from the low-tension side workroom 14c to the high-tension-side 
workroom 14b, and prevents the flow of this and an opposite direction while 14 d of 
communicating paths are formed in the piston 14a of the compressor 14. 14 d of these 
communicating paths, the reflux passage 21, and the check valve 22 constitute a circulation 
means to produce the very small steady flow of a working fluid in the regenerator 1 2 and the 
pulse pipes 13. 

[0018jln the prescribed position of the flow direction of said steady flow, were connected to the 
regenerator 12, for example, 31 is a copper heat bridge member. This heat bridge member 31 is a 
member of the high heat conductivity for making the heat given to the regenerator 1 2 by the 
upstream from said prescribed position by the steady flow of said working fluid emit from the 
regenerator 1 2, It is connected to the low temperature part 30a of the pre-cooling freezer 30 so 
that the heat given to the regenerator 1 2 by the upstream from said prescribed position by said 
steady flow may be made to emit from the regenerator 12. The compressor 34 with which this 
pre-cooling freezer 30 has the piston 34a which reciprocates, for example on predetermined 
frequency. The regenerator 32 connected to the compressor 34 by one end, and the pulse pipes 
33 of the tip blockade shape connected to the other end of the regenerator 32, It is the orifice 
type thing provided with the small tube 35 connected to the high temperature end of the pulse 
pipes 33, and the buffer tank 37 which is open for free passage to the pulse pipes 33 via the 
restriction passage in this small tube 35. 

[0019]Next operation of this pulse tube refrigerator is explained, first — the compressor 14 
drives — the high-pressure working fluid (gas) in the regenerator 12 and the pulse pipes 13 — 
the number of prescribed cycles — compression - it being expanded and displaced and, While 
the working fluid of the inside carries the heat by the side of the low temperature end part of the 
pulse pipes 13 to the high temperature end part side, a fixed temperature gradient is formed in 
the inside of the pulse pipes 13. 

[0020]On this state and in the inside of the regenerator 12 and the pulse pipes 13, Since the 
mean temperature of a working fluid (gas) is mostly in agreement with each inner wall 
temperature of the regenerator 1 2 and the pulse pipes 1 3, The gas which flowed into the 
regenerator 1 2 from the compressor 1 4 gives heat to the regenerator 1 2 until it reaches a low 
temperature part, and when this gas comes out of the low temperature end of the regenerator 12 
and goes to the high temperature end of the pulse pipes 1 3, this gas takes heat from the tube 
wall of the pulse pipes 13. 

[0021]Therefore, as shown in the drawing 2 upper part, the temperature of this gas decreases 
gradually within the regenerator 1 2 from inlet temperature Ta (room temperature in a vacuum 
insulated vessel) of the regenerator 1 2, falls to cooling temperature Tc of a low temperature part, 
and rises gradually from there to the high temperature end of the pulse pipes 1 3. In this state, as 
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shown in the figure bottom, it decreases gradually within the regenerator 1 2, and by a low 
temperature part, gaseous internal energy becomes the minimum and increases from there 
gradually to the high temperature end of the pulse pipes 13. If this system assumes that it is 
completely reversible, even if a steady flow passes the inside of the pulse pipes 13, gaseous 
internal energy will become the same by the high temperature end of the regenerator 12, and the 
high temperature end of the pulse pipes 13. In the figure, Tb is low temperature from room 
temperature Ta in the vacuum insulated vessel 1 1 , and is the pre-cooling position temperature 
(temperature of a prescribed position) of an elevated temperature [ Tc / low temperature part 
temperature ]. 

[0022]If it considers that heat flows into the lower one from the high place of temperature in the 
regenerator 12, as for the quantity of heat of the heat which the gas threw away into the 
regenerator 12, the downstream (low temperature end side) will become large up to said 
prescribed position. In this state, as gas temperature is the prescribed position 12 used as Tb, 
i.e., regenerator, the heat for quantity-of-heat Q 1 minute is emitted by pre-cooling through the 
heat bridge member 31 of the pre-cooling freezer 30. Therefore, a steady flow will produce the 
refrigerating capacity of the quantity of heat Q1 by the low temperature end of the regenerator 
12 seemingly, and refrigerating capacity will increase only the part. If it puts in another way, the 
heat emitted to the regenerator 12 from the gas can be efficiently taken out from said prescribed 
position outside by the upstream by the steady flow in the regenerator 12 in said prescribed 
position where the gas serves as temperature Tb. Therefore, performing only the heat transfer 
from the low temperature end side of the pulse pipes 13 to the high temperature end side, the 
heat flow rate ON to a low temperature part can be held down to the quantity of heat Q2 smaller 
enough than the quantity of heat Q1, and refrigerating capacity can be raised substantially. 
[0023]Thus, the inside of the regenerator 12 and the pulse pipes 13 is made to produce the 
steady flow with a very late flow which goes to the pulse-pipes 13 side from the regenerator 12 
side by a circulation means in this invention, The gaseous mean temperature in the state of 
being mostly in agreement with the tube wall of the regenerator 12 and the pulse pipes 13. Heat 
is given to the regenerator 12 until the gas which flowed into the regenerator 12 from the 
compressor 14 side reaches a low temperature part, Take heat from the tube wall of the pulse 
pipes 13 until the gas which came out of the low temperature part reaches the high temperature 
end of the pulse pipes 13, and also most quantity of heat Q1 is made to emit certainly in the 
pre-cooling position by the pre-cooling freezer 30 among the heat which the gas emitted to the 
regenerator 12, and it removes. Thus, since the same operation as the steady flow produced the 
refrigerating capacity only for the quantity of heat which carried out account removal of the 
kickback is carried out, Pre-cooling in the prescribed position where temperature is higher than 
a low temperature part can raise the refrigerating capacity of a pulse tube refrigerator easily, and 
the cooling efficiency of the freezer decided only by exhaust heat temperature and endothermic 
temperature can be raised easily and substantially. 

[0024]In addition, the reflux passage which forms a communicating path in a piston so that the 
high-tension side and the low-tension side of a compression workroom may be made to open for 
free passage, and refluxes the fluid in said buffer tank to the low-tension side of a compression 
workroom, If the check valve which permits the flow from the low-tension side to the 
high-tension side in said communicating path, and prevents the flow of this and an opposite 
direction is provided, composition is simple and a durable circulation means can be realized to 
low cost. 

[0025]In this embodiment, the pre-cooling freezer 30 has the heat bridge member 31 connected 
to the regenerator 12 in said prescribed position, Since he is trying to make the heat given to the 
regenerator 12 by the upstream from said prescribed position by said steady flow emit from the 
regenerator 12 via the heat bridge member 31, Only by setting up suitably the connecting 
location of the heat bridge member 31 in the flow direction of a steady flow, it can respond to 
the freezer of many specifications by the same pre-cooling refrigeration means 30. 
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[0026]In an above-mentioned embodiment although two compressors were formed, it cannot be 
overemphasized that it can drive with one compressor. Drawing 3 is a figure showing one 
embodiment of the pulse tube refrigerator concerning the 2nd invention. In this embodiment, the 
regenerator 50 consists of the 1st regenerator 51 and the 2nd regenerator 52 which adjoin the 
flow direction of said steady flow, and the cross-section area of that 1st regenerator 51 is large 
only predetermined magnification from the cross-section area of the 2nd regenerator 52 in the 
direction crossing at a right angle (diameter direction) to the flow direction of said steady flow. 
[0027]Therefore, assumption of the phase of ideal regenerator, a pressure, and gas displacement 
will obtain the heat transport amount mostly proportional to a cross-section area in the 
regenerators 51 and 52. If there is no steady flow, as for a temperature gradient the direction of 
the regenerator 52 will become large. If it can design so that the difference of the refrigerating 
capacity between the amount of heat flow rate ON by a steady flow and the regenerators 51 and 
52 may balance, the same effect as the above-mentioned example using two freezers will be 
acquired. However, actually, since the phase of a pressure and gas displacement is not ideal, 
efficiency falls somewhat 

[0028]Although the piston 14a was equipped with the check valve 22 (check valve) in the above- 
mentioned embodiment As it replaces with this and it is shown in drawjng 4 (a), and the 
communicating path of the piston 14a is made into the communicating path 14e (circulation 
means) with a moderate diaphragm function or is shown in drawing 4 (b). It may be made to 
attach the piping 61 (circulation means) with orifice 62 which makes it the shape which divides 
thoroughly the compression workrooms 14b and 14c of the high-tension side and the 
low-tension side which do not have a communicating path in the piston 14a of the compressor 
14, and opens both the compression workrooms 14b and 14c for free passage to the case of the 
compressor 14. 

[0029]The circulating flow (steady flow) which a double inlet type etc. may be sufficient as and 
happens carries out the function replaced with a check valve in these cases sure enough, and it 
is **. This steady flow is caused by the acoustic-inertance style etc., and this acoustic- 
inertance style is known as a typical nonlinear sound phenomenon. If a certain phenomenon is 
ready, even if there is no check valve, a uni directional flow as shown in drawing 4 (a) and 
drawing 4 (b). respectively will happen, and the free passage 14e with the diaphragm function 
allotted to the piston, and the piping 61 and the orifice 62 will control the mass. 
[0030] 

[Effect of the Invention]As mentioned above, while forming a circulation means to produce the 
very small steady flow of a working fluid, in regenerator and pulse pipes according to the 1 st 
invention, Since the pre-cooling refrigeration means to which the heat given to regenerator by 
said steady flow in the prescribed position of the flow direction of a steady flow is made to emit 
from regenerator is established, While pre-cooling removes most quantity of heat from a low 
temperature part easily in a hot prescribed position among the heat which a gas emits to 
regenerator, The operation same with producing the refrigerating capacity only for said removed 
quantity of heat by the low temperature end of regenerator by a steady flow can be carried out 
and it can contribute to improvement in the cooling efficiency of the freezer decided only by 
exhaust heat temperature and endothermic temperature greatly. 

[0031]The reflux passage which forms a communicating path in a piston so that the high-tension 
side and the low-tension side of said compression workroom may be made to open for free 
passage, and refluxes the fluid in said buffer tank to the low-tension side of a compression 
workroom, If the check valve which permits the flow from the low-tension side to the 
high-tension side in said communicating path, and prevents the flow of this and an opposite 
direction is provided, composition is simple and a durable circulation means can be realized to 
low cost. 

[0032] Said pre-cooling refrigeration means has the heat bridge member connected to said 
regenerator in said prescribed position, If it is made to make the heat given to said regenerator 
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by the upstream from said prescribed position by said steady flow emit from said regenerator via 
this heat bridge member, only by setting up suitably the connecting location of the heat bridge 
member in the flow direction of a steady flow, It can respond to the freezer of many 
specifications by the same pre-cooling refrigeration means. 

[0033] According to the 2nd invention, said regenerator is constituted from the 1st regenerator 
and the 2nd regenerator which adjoin the flow direction of said steady flow, Since he is trying for 
the cross-section area of this 1st regenerator to become larger than the cross-section area of 
the 2nd regenerator in the direction crossing at a right angle to the flow direction of said steady 
flow, In the state where the amount of heat flow rate ON by a steady flow and the refrigerating 
capacity difference by the difference of the cool storage capability balance, the effect same, with 
having performed pre-cooling by the above-mentioned pre-cooling refrigeration means can be 
acquired, as a result it is high refrigerating capacity and can be considered as a compact pulse 
tube refrigerator. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing H it is the outline lineblock diagram showing one embodiment of the pulse tube 
refrigerator concerning the 1 st invention. 

TPrawing 2l lt is a graph which shows the influence of the internal energy change and pulse pipes 
on a steady flow in one embodiment 

rD rawing 3l lt is the outline lineblock diagram showing one embodiment of the pulse tube 
refrigerator concerning the 2nd invention. 

[Drawing 4lt he pulse tube refrigerator which (a) is the important section lineblock diagram 
showing other embodiments of the pulse tube refrigerator concerning the 2nd invention, and (b) 
requires for the 2nd invention — being the further — others — it is the important section 
lineblock diagram showing an embodiment. 

[Drawing Si lt is an outline lineblock diagram of a conventional double inlet type pulse tube 
refrigerator. 

[Description of Notations] 

1 1 Vacuum insulated vessel 

1 2 Regenerator 

13 Pulse pipes 

14 Compressor (fluid-drive means) 

1 4b High-tension-side workroom (high-tension side of a compression workroom) 
14c Low-tension side workroom (low-tension side of a compression workroom) 
14d and 14e Communicating path (circulation means) 

1 5 Small tube 

1 5a Orifice (restriction passage) 

1 6 Buffer tank 

21 Reflux passage (circulation means) 

22 Check valve (circulation means) 

30 Pre-coofing freezer (pre-cooling refrigeration ****) 
30a Low temperature part 

31 Heat bridge member 

50 Regenerator 

51 The 1 st regenerator 

52 The 2nd regenerator 

61 Piping (circulation means) 

62 Orifice (circulation means) 
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